Introduction
Glioma is a member of the most prevalent primary brain tumors that severely threatens the central nervous system in adults, with a feature of high aggressiveness and poor prognosis. 1, 2 Although application of radiotherapy and chemotherapy earns a relatively higher survival rate, recurrence and drug resistance are still a challenge. 3, 4 Temozolomide (TMZ) is regarded as the first-line chemotherapeutic drug for the treatment of glioma clinically. However, tumor cells generally exhibit innate or acquired resistance against TMZ, and drug resistance seems to be responsible for the therapeutic failure of TMZ in glioma patients. [5] [6] [7] Therefore, TMZ resistance has been a major obstacle in the treatment of glioma. And, a better understanding of drug resistance is crucial to tumor treatment in glioma.
Y-box binding protein 1 (YB-1) is aberrantly expressed in a variety of cancers, which acting as a human transcription factor participated in the regulation of cancer-associated genes. 8, 9 Despite the fact that there is evidence indicating that YB-1 plays an important role in cell growth, tumor progression, and multidrug resistance, the clinical significance of YB-1 in glioma has not been entirely understood. 10, 11 It has been reported that the mechanisms of drug resistance are commonly associated with the overexpression of Murine double minute 2 (MDM2) and p53 gene mutation. 4 The protein p53 is a transcription factor that is mainly engaged in the regulation of tumor-suppression process. p53 is often blunted in multiple tumors due to either mutations or functional inhibition by its negative endogenous regulator MDM2. 12 Furthermore, MDM2 functionally ubiquitinates
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Tong et al p53 through functioning as an E3 ligase promoting proteasomal degradation. 13 p53 is considered as essential for nuclear translocation of YB-1. Dunn et al reported that YB-1 induces breast tumor-initiating cells to express CD44 and CD49f, leading to enhanced drug resistance. 14 Another study found that YB-1 might be linked to drug resistance of bladder cancer with a TP53 gene abnormality that led to p53 mutation. 15 Thus, the aim of the present study was to determine the biological role of YB-1 in drug resistance in glioma and to further investigate the molecular basis underlying the drug resistance.
Methods
Patients and samples
Fifty-four glioma tissue samples were collected from patients who underwent chemotherapy with TMZ at The First Hospital of Qiqihar City from January 2016 to June 2017. The pathological diagnoses and classification were approved by at least two experienced pathologists simultaneously, based on the WHO classification system. Fifty-four gliomas were collected in the current study including 13 grade II and 15 grade III astrocytic tumors, 9 grade II and 7 III oligodendrogliomas, and 10 grade IV glioblastomas. Thirty-seven out of the enrolled 54 glioma patients exhibited TMZ resistance. Patients who showed limited response to TMZ treatment for more than 8 weeks were classified as TMZ resistant. All brain specimens were kept for followup testing. This study was approved by the Ethics Committee of The First Hospital of Qiqihar City, and written informed consent was obtained from each subject. The study was carried out in accordance with the principles of the Declaration of Helsinki.
cell lines and drugs
MDM2 inhibitor RG7112 was purchased from AbMole BioScience, Shanghai, People's Republic of China. Human glioma cell lines U87 (p53wt), DK-MG (p53wt), LN308 (p53null), and U251 (p53mut) were purchased from American Type Culture Collection and cultured in DMEM with 10% FBS (Beyotime, Shanghai, People's Republic of China) at 37°C in an atmosphere of 5% CO 2 and 95% air. TMZ was purchased from Sigma-Aldrich. Aliquots of TMZ were dissolved in dimethyl sulfoxide and stored at -20°C for the following tests. Glioma cell lines U87, DK-MG, and U251 were treated with 25, 50, 100, and 200 µM TMZ for 48 hours.
rna preparation and quantitative real-time Pcr (qrT-Pcr)
Total RNA from glioma cell lines and all tissues samples was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Carlsbad, CA, USA) and then reverse transcribed using the Reverse Transcription Kit (Bio-Rad, Minneapolis, MN, USA) according to the manufacturer's instructions. cDNA amplification was subsequently performed for detecting YB-1 and MDM2 by quantitative real-time PCR (qRT-PCR) using SYBR Green Master mix (Roche Diagnostics) according to the manufacturer's protocol. The mRNA expression was normalized to the expression of GAPDH mRNA and calculated by using the 2 -ΔΔCt method. The PCR primers used are as follows: YB-1 (forward: 5′-AGGCAGGAACGGTTGTAGGT-3′; reverse: 5′-GTCAAGCGTAGGTTGCGGTGATGG-3′); MDM2 (forward: 5′-GGGAGATATGTTGTGAAAGAAGC-3′; reverse: 5′-CCCTGCCTGATACACAGTAACTT-3′); GAPDH (forward: 5′-GTCGGAGTCAACGGATTT-3′; reverse: 5′-GCCATGGGTGGAATCATATTGG-3′).
cell viability assay
Cell proliferation was detected using the cell counting kit-8 (CCK-8) assay. Cells were seeded in a 96-well culture plate at 1×10 4 cells/well. Cells were treated with a single dose of TMZ (0, 25, 50, 100, and 200 µM) and exposed to 5 µM RG7112. Ten microliters of CCK-8 were then added to each well and incubated for 4 hours at 37°C. Experiments were replicated at least three times.
immunohistochemistry
Immunohistochemistry was performed to detect YB-1 and MDM2. Briefly, glioma tissues and cancer-free tissues were fixed using 10% buffered formalin and embedded using paraffin. The deparaffinized tissue sections were transferred to heat-induced epitope retrieval for 10 minutes and then incubated with the primary antibodies (anti-YB-1, 1:5,000, Abcam; anti-MDM2, 1:50, Abcam) at 37°C for 2 hours. Biotinylated secondary antibodies were applied to incubate tissue sections for 30 minutes. The stained cells in ten fields were counted under the microscope (Olympus).
h&e staining
Mice were naturally dead or sacrificed and the lung tissues were excised. The tissues were fixed in 10% formalin for overnight and dehydrated with different concentration of ethanol. Then the tissues were embedded in paraffin and cut into 4 µm thick sections. Sections were mounted on glass slides and stained with H&E. For observation of ectopic tumor metastatic nodes, eight views were randomly selected and counted under the light microscope (Olympus).
Western blotting
Cells were lysed using RIPA lysis buffer ( 
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YB-1 modulates drug resistance of glioma cells via MDM2/p53 pathway 1 mM EDTA, and 1% Triton X-100). Lysates were collected and cleared by centrifugation, and the protein concentration was quantified using the bicinchoninic acid method. Protein samples were electrophoresed by 12% SDS-PAGE and then transferred to polyvinylidene fluoride membranes (0.45 µm, Millipore). The membranes were blocked with 5% skim milk, and then incubated overnight at 4°C with the primary antibody (anti-YB-1, 1:1,000, Abcam; anti-MDM2, 1:1,000, Abcam). The membranes were then washed three times with Tris buffered saline with tween and incubated with horseradish peroxidase conjugated goat antirabbit secondary antibody (Beyotime) for 2 hours at room temperature. The bands of all proteins were normalized to the intensity of corresponding bands for β-actin. Protein expression was visualized with a chemiluminescence ECL kit (Beyotime).
cell transfection YB-1, MDM2, and control siRNAs were synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, People's Republic of China) and transfected into cells with 10 nM plasmid containing siRNA using Lipofectamine 2000 transfection reagent (Invitrogen; Thermo Fisher Scientific) according to the manufacturer's protocol. Assays were performed at 48 hours after transfection. YB-1 was overexpressed in the U87 and DK-MG glioma cell lines, while p53 or p53 mutant was overexpressed in U87 using retrovirus transduction as described previously. 16 Ten nanometer DNA oligonucleotides containing the YB-1, p53, and p53 mutant sequences were cloned in plasmid (Invitrogen; Thermo Fisher Scientific) and then transfected into cells. After 24 hours, the transfection efficiency was defined using RT-PCR. The empty plasmid acted as the control.
statistical analysis
Statistical analysis was performed using SPSS 18.0. The data are presented as mean ± SD or quartiles. Mean comparison between or among groups was conducted by two-tailed t-test or one-way ANOVA. The survival curves were performed using the Kaplan-Meier analysis. P,0.05 was considered statistically significant.
Results
YB-1 expression is elevated in glioma and positively correlated with MDM2
To explore the functional role of YB-1 and MDM2 in glioma, we first examined the expressions of YB-1 and MDM2 in glioma tissues and cancer-free tissues by immunostaining. We found that the expressions of YB-1 and MDM2 were remarkably positive for glioma tissues compared with that for cancer-free tissues ( Figure 1A and B) . Next, the mean mRNA levels of YB-1 and MDM2 in 54 glioma tissues 
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Tong et al and the corresponding cancer-free tissues were analyzed by qRT-PCR. We found that the expressions of YB-1 and MDM2 were significantly increased in glioma tissues compared with that in cancer-free tissues ( Figure 1C and D) . Subsequently, we tried to determine whether or not YB-1 had a key role in drug resistance of glioma. We found that patients with a history of drug resistance had higher level of YB-1 and MDM2 compared with those drug-sensitive ones ( Figure 1C and D) . Moreover, the relative expressions of YB-1 were positively correlated with MDM2 expression in glioma tissues ( Figure 1E) . The above data suggested that YB-1 and MDM2 played crucial roles in drug resistance of glioma.
YB-1 mediates glioma cells response to TMZ
Next, we further investigated the effects of YB-1 on drug resistance of glioma. A subset of glioma cell lines U87 and DK-MG were transfected by lentiviral vector containing pcDNA-YB-1 and followed by treatment with various doses of TMZ. We found that YB-1 overexpression significantly promoted TMZ resistance in U87 and DK-MG cells, indicated by a significantly increased percentage of surviving cells (Figure 2A ). Subsequently, knockdown of YB-1 expression in U87 and DK-MG cells was genetically achieved using siRNA. It showed that inhibition of YB-1 significantly sensitizes U87 and DK-MG cells to TMZ ( Figure 2B ). It implicated that YB-1 modulates the response of glioma cells to TMZ. It was reported that MDM2 had a crucial role in drug resistance in multiple cancer types. 17 Subsequently, we investigated whether MDM2 participated in YB-1-mediated TMZ resistance in glioma cells. We analyzed expressions of MDM2 in YB-1-sufficient and -deficient U87 and DK-MG cells. We found that overexpression of YB-1 led to an increased expression of MDM2 and a decreased expression of p53 in glioma cells. On the contrary, inhibition of YB-1 
inhibition of MDM2 disables YB-1-mediated TMZ resistance in glioma cells
To further investigate whether MDM2 contributed to drug resistance in glioma, the expressions of MDM2 in U87 and DK-MG cells were genetically inhibited by siRNA methods or chemically inhibited by MDM2 inhibitor RG7112. It showed that inhibition of MDM2 enhanced the sensitivity of glioma cells to TMZ, exhibited by the reduced numbers of viable cells in the MDM2-deficient glioma cells ( Figure 3A) . Moreover, addition of RG7112 significantly suppressed viability of glioma cells ( Figure 3B ). It indicated that MDM2 played a crucial role in drug resistance in glioma. Next, to investigate whether MDM2 directly affects YB-1-mediated drug resistance in glioma cells, the expressions of MDM2 in YB-1-overexpressed U87 and DK-MG cells were genetically inhibited by siRNA method. It showed that inhibition of MDM2 dramatically reversed YB-1-mediated drug resistance to TMZ, resulting in a decreased number of viable cells ( Figure 3C ). In addition, Figure 3D showed that chemical inhibition of MDM2 by the MDM2 inhibitor RG7112 significantly blocked YB-1-mediated TMZ resistance in the U87 and DK-MG cells ( Figure 3D) . Notably, RG7112 effectively inhibited MDM2 expression, but had limited effects on YB-1 expression ( Figure 3D ). Based on the above data, we concluded that MDM2, as a downstream effector of YB-1, played a pivotal role in YB-1-mediated TMZ resistance in glioma cells.
YB-1-mediated TMZ resistance in glioma cells in a p53-dependent manner
It is well known that MDM2 is an E3 ubiquitination ligase that directly binds to the transcription domain of p53 for proteasomal degradation. 13 Next, to investigate whether TMZ resistance in glioma cells is specifically controlled by p53 status, U87 cells were constructed with a wild-type p53 and a mutant p53 sequence. It showed that overexpression of wild-type p53, not mutant p53, significantly sensitizes glioma cells to TMZ ( Figure 4A ). Subsequently, the glioma cells U87 (p53wt), LN308 (p53null), and U251 (p53mut) were treated with TMZ to further define the role of p53. Compared with those cells (LN308 and U251 cells) with defective p53 expression, the wild-type p53-bearing U87 cells were more sensitive to TMZ ( Figure 4B ). Next, we investigated whether YB-1 expression affects chemoresistance to TMZ in p53-mutated glioma cells. We found that YB-1 overexpression had no significant effects on the viability of LN308 cells ( Figure 4C ). We also detected p53 expressions in glioma tissues by qRT-PCR. We found that glioma tissues had a lower level of p53 than cancer-free tissues. Moreover, the expressions of p53 were significantly reduced in drug-resistant tissues compared with that in drug-sensitive ones ( Figure 4D) . The above data suggest that YB-1 modulates drug resistance in glioma cells by directly controlling MDM2/p53 pathway ( Figure 4E ).
inhibition of YB-1 or MDM2 reduced metastatic node and mortality in vivo Next, we investigated the drug response of YB-1/MDM2 signaling on glioma cells in vivo. The nude mice were injected with wild-type or siYB-1-transfected U87 cells followed by treatment with TMZ. We found that inhibition of YB-1 resulted in a reduction of mice mortality ( Figure 5A compared with the control group. Mice with YB-1 deficiency also had reduced metastatic nodes ( Figure 5B ) in the lungs as well as the decreased proliferating cells indicated by Ki67 staining ( Figure 5C ). Next, we performed the same assay by injecting with wide-type or siMDM2-transfected U87 cells. Consistent with our findings, inhibition of MDM2 led to a reduction of overall mortality ( Figure 5D ), metastatic nodes ( Figure 5E ), and the proliferating cells ( Figure 5F ) compared with that in the control group. These above data demonstrated that inhibition of YB-1 or MDM2 in glioma cells reduced tumor metastasis and mortality in mice.
Discussion
Glioma is a malignant brain tumor commonly found in the central nervous system and the prognosis remains poor due to its biological characteristics. 18 It is well known that utilization of chemotherapeutic drug, TMZ, results in an improved survival of patients with glioma and TMZ resistance is still one of the main obstacles for tumor treatment. 19 In that situation, a group of drug-resistant genes have been uncovered by bioinformatics tools. 20 It has been revealed that TP53, KRAS, and CDKN2A alterations are the most common early events in multiple cancer types including glioma. The current known potential mechanisms of glioma resistance to TMZ include DNA repair, overexpression of EGFR and MDM2, and p53 mutation, etc. Y-box proteins have been linked to RNA translation and DNA repair in a variety of human cancers, but the role of YB-1 regarding this drug resistance remains unclear. 21 In this study, we demonstrated that YB-1 modulates p53/MDM2 pathway through direct binding, and knockdown of YB-1 is associated with glioma resistance to TMZ.
YB-1 is one of the members of the cold-shock proteins and acts as a regular transcription factor through binding to double-stranded DNA. 22 YB-1 played a major role in promoting cell proliferation and tumorigenesis 23, 24 and also suppressed the transcription of cell death-promoting genes, such as p53 by binding possible Y-box sequences. 25 The expression of YB-1 was correlated with the clinical stage and prognosis of patients in various human cancers. In the present study, we initially demonstrated that YB-1 is strongly expressed in drug-resistant glioma cells. Overexpression of YB-1 could significantly promote drug resistance to TMZ and increase the growth viability of glioma cells, suggesting that YB-1 might have an ability for regulating cellular proliferation, which is in line with findings by Astanehe et al. 25 Bergmann 26 also indicated that YB-1 protein level is elevated in most human breast cancers, and higher YB-1 levels have been correlated with drug resistance.
p53 is a tumor suppressor encoded by the TP53 gene that could lead to a cessation of cell growth in response to cellular stress. Accumulating evidence from studies have demonstrated that activation of p53 was reported to sensitize the glioma to TMZ. 27, 28 As a regulator of the p53 pathway, MDM2 protein inhibits the transcriptional activity, nuclear localization, and protein stability of p53. It also reported that also p53 deficiency plays a critical role in glioma resistance to anticancer drugs. 29, 30 p53-MDM2 interaction is also a potential cancer therapeutic target due to MDM2 overexpression in gliomas. 31 RG7112 is a potent MDM2 antagonist, which inhibits the binding between p53 and MDM2 and results in stabilization and accumulation of the wild-type p53. 31, 32 Our study provides evidence that the overexpression of MDM2 might be associated with drug resistance, which is consistent with the study of Yang-Hartwich 33 and Knappskog. 34 We also found that RG7112 has antitumor activity exclusively in cell tumors with wild-type p53. The mechanism of drug resistance is quite complex and closely related to genes and transporters. It also reported that YB-1 interacted with p53, leading to suppression of p53 activity and contributing to cell-cycle progression and tumorigenesis. 35 Although YB-1 inhibits p53 from causing cell death, YB-1 does not interfere with the ability of p53 to transactivate MDM2. 36 Our study demonstrated that YB-1 overexpression in U87 and DK-MG cells could significantly promote MDM2 expression, thus suppressing the level of p53. Therefore, selective change of p53 activity by YB-1 provides an explanation for the relationship of YB-1-mediated drug resistance and poor tumor prognosis. Since inhibition of YB-1 activity downregulates MDM2 expression in human cancer cell lines, the YB-1/MDM2/p53 pathway is a potential molecular target for future cancer therapy. Our study also has several limitations. The precise mechanisms of drug resistance Drug Design, Development and Therapy 2019:13 submit your manuscript | www.dovepress.com
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YB-1 modulates drug resistance of glioma cells via MDM2/p53 pathway in vivo are yet to be investigated. In addition, the feasibility of YB-1 should be seriously considered in any future study.
In the present study, we demonstrated that YB-1 and MDM2 were overexpressed in glioma, which is associated with drug resistance to TMZ. The YB-1 protein modulates drug resistance of glioma to TMZ by activation of MDM2, and the resultant degradation of p53. The findings suggest that YB-1 facilitates glioma cell resistance to TMZ through the MDM2/p53 pathway, which shed light on the development of YB-1-targeted molecular therapy.
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